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Abstract
Worldwide concern about the energy security and search for alternate energy source as fuel has created 
attention because of increased demand and fast depleting nonrenewable resources of fuel. In order to 
meet the increasing energy demand, we need to approach the sustainable, cost-effective alternates 
which should be able to cater unlimited resource utilization potential. Among the next-generation 
biofuels, butanol is the one which shows the ability to meet both the current and upcoming future energy 
crisis over the existing biofuels, for its distinguished merits; high energy density, high air-fuel ratio and 
lower hygroscopicity which make butanol superior over the other. In this review, we summarized all 
the methods attempted to screen out a high-stress tolerant strain through the various approach like; 
variation in sampling methods, media optimization, manipulation in physiochemical parameters etc. 
and then adapting them to high butanol environment. Secondly, the possible techniques involved in the 
identification of butanol tolerant gene and its overexpression in heterologous host or butanol tolerant 
microbes through genetic engineering, manipulating the metabolic pathway through engineering 
synergistically integrated with other disciplines such as synthetic biology as well as systems biology, has 
been discussed in detail. Apart from this, the present review also highlights the various bottlenecks, 
achievements and prospects for the commercialization of the butanol as the next generation of biofuel.
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IntroDuCtIon
 Worldwide concern about the energy 
security and search for alternate energy source 
as fuel has created attention because of increased 
demand and fast depleting nonrenewable 
resources of petroleum. Alternatively, sustainable 
and renewable liquid transport fuels of biological 
origin have gained interest including ethanol which 
so far constitutes 90% of the total biofuels in the 
market1. Biofuels produced from sugar, starch, 
vegetable oil are termed as first-generation biofuel 
which includes ethanol, gasoline, vegetable oil, bio 
ether, biogas, and solid biofuel2. Microorganisms 
like; Clostridium acetobutylicum, Zymomonas 
mobilis, and Saccharomyces cerevisiae have 
been the native microbes which are employed 
for the current production of biofuels but these 
often suffer from limitations of slower growth, 
complex nutrient requirement, complex life-cycle 
and the major limitation being the production 
of a variety of by-products which suffer various 
challenges in downstream processing including 
high-cost recovery of targeted product3,4,1. In 
European countries, biodiesel is the major 
biofuel manufactured by the trans-esterification 
of the animal fats as well as oils of plant origin 
supplemented with solvent methanol5. Biofuel 
still suffers from various limitations like; wax 
formation in the fuel in the low temperature and 
transportation in the current fuel distribution 
infrastructure1. There have been attempts for 
the production of the first-generation biofuels 
from the rich and unused biological resources like 
lignocelluloses, biomass from algal cultures and 
gases like CO and CO2, but these resources still 
suffer from various limitations. Lignocelluloses, 
the most abundant biomass present on the 
earth contains 70% sugars but the sugar it 
contains requires various thermal, chemical and 
biochemical energy mediated process before being 
released for microbial fermentation. Similarly, algal 
biomass, which can also efficiently contribute 
for the production of first-generation biofuel, 
also suffers from the limitation of collection and 
dewatering1.
 All  these l imitations of the first-
generation biofuels have pushed the interest 
of the microbiologists and scientists of related 
field towards the development of the second-
generation biofuel. the second-generation 

biofuels are obtained from biomass of non-food 
origin. Various engineering techniques like; 
metabolic engineering, genetic engineering, 
evolutionary engineering, system biology, and 
synthetic biology employed in synergy, aiming 
towards the production of the advanced biofuels 
have become comparatively easier. During the 
development of the advanced biofuels, factors like 
engine type, energy content, combustion quality 
i.e. odor, water miscibility and cost etc. has been 
taken into account6,1. During the process of the 
development of the advanced biofuels the major 
problem faced by the scientists is to trouble shoot 
the indigenous regulation for high yield of biofuel 
using the native hosts1. The reconstruction of the 
advanced biofuel pathways using the heterologous 
hosts like; E. coli and Saccharomyces cerevisiae will 
make us to overcome the above major challenges 
but the reconstruction of the biofuel pathways 
itself suffers from the challenges of limitations in 
production of enzyme for maximum metabolic 
outcome at the same time1.
 Butanol is one of the most advanced 
biofuels as it possesses various distinguished 
features. Butanol has drawn attention for its major 
suitable chemical properties which turns to be 
superior in terms of energy content, corrosiveness, 
and volatility7,3. Butanol for its longer chain 
is more efficient than the currently used fuel 
ethanol8. Improved technical characteristics: viz 
higher ratio of air to fuel (11.1 vs. 9.0), higher 
amount of energy density (29.2 vs. 19.6 MJ/L), 
and lower hygroscopicity makes butanol more 
sought after than the existing biofuels8. Besides 
the all above advantages butanol has one of the 
major characteristics of being easily transported 
by the existing gas line distribution infrastructure 
and can be easily replaced with the existing car 
engines2. Butanol has many isomeric forms like 
iso-butanol, sec-butanol, ter-butanol, n-butanol, 
but out of all n-butanol and iso-butanol can only 
act as a potential solvent for industry and other 
isomers of butanol are highly soluble in water9. 
Butanol has advantage over ethanol because of its 
scarce solubility as well as resemblance in other 
characteristic properties with gasoline,.
 T h e  b u t a n o l  p r o d u c t i o n  f r o m 
microbes merits concern and symbolize as 
fascinating alternatives to present fuels through 
biotechnological intervention10. Microbial 
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fermentation of Clostridium fulfills our current 
need for biofuel although Clostridium also suffers 
from various process limitations11. So, today the 
main concern of the microbiologists is to find an 
alternative microorganism which may emerge as 
the second-generation host for the production of 
advanced biofuel butanol. Higher concentration 
of butanol in the reaction environment causes 
toxicity which leads to the lower production of 
butanol, and the cell toxicity caused by the higher 
concentration of butanol is the basic challenge 
faced today. A cellular system which can give 
the optimum yield efficiency and is cost effective 
too, is being tried to develop by the metabolic 
engineers1.In this review we discuss the different 
biofuel producing bacteria, their bottlenecks, 
achievements and prospective for prospect 
directions in the bacterial biofuel production.
Physico-chemical characteristics of Butanol
 Butanol, popularly called as butyl 
alcohol, is basically an alcohol with four carbon 
chain having chemical formula; C4H9OH. It is 
principally used as intermediate in the synthesis 
of different chemicals and solvent at industrial 
scale. Butanol is also used in life sciences and 
medicine as cleaning and sterilizing agent. In 
pharmaceuticals it has a great demand for 
production of drugs. In addition, most recently 
butanol has been used as potential fuel (Fig.1). 
Butanol occurs in different isomeric forms:  iso-
butanol, 2-butanol, n-butanol and tert-butanol, 

Presence of a straight chain carbon length with 
an alcohol group at the terminal carbon are 
commonly called butanol.
 The isomer 2-butanol or sec-butanol is 
actually a butanol having an alcoholic functional 
group at an internal carbon. The chemical structure 
and arrangement of alcoholic functional group in 
different isomers is presented in Fig. 2.
 The physiochemical properties of 
different isomers of butanol differ due the basic 
differences in their chemical structure. These 
isomers differ in their solubility, melting and boiling 
points as well as other so many properties. The 
details of variation in physical and chemical 
characteristics of all the four isomers of butanol 
are present for a comparative view in Table 1.
Butanol as potential alternative biofuel to ethanol
 Butanol as compared to ethanol, is 
primary alcohol with short carbon chain which 
exists in isomeric forms of as mentioned earlier. 
Due to the presence of two more methylenes, 
butanol tends to be more hydrophobic than 
ethanol resulting in less volatile, high energy dense 
and more miscible with gasoline12.The physical 
and chemical properties has been compared 
and presented in the Table 2 which shows highly 
remarkable variations and are responsible for 
the properties of advantage to mankind. The 
above-mentioned advantages of butanol over 
ethanol have drawn the attention of biologists 
in recent years to consider it to be potential 

Fig. 1. Some important applications of Butanol (C4H10O)
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table 1. Physiochemical properties of different isomers of butanol

Characteristics n-butanol iso-butanol sec-butanol tert-butanol

Formula C4H10O C4H10O C4H10O C4H10O
IUPAC name Butan-1-ol 2-methylpropan-1-ol Butan-2-ol 2-Methylpropan-2-ol
Molecular weight  74.1 74.1 74.1 74.1
[gm/mol]
Boiling point (°C) 117 108 100 83
Melting point (°C) -90 -108 -115 25.7
Blending RON* 94°,96° 113° 101° 104-110°
Blending MON† 78°,81° 94° 91° 89-98°
Solubility in  7.7 8.5 12.5 Miscible
water wt% at 20°C
Surface tension  24.7 23 - 20.7
at 20°CmN/m
Toxicity Most toxic Least toxic  Less toxic Less toxic
Suitability Most suitable  among butanol  Suitable as   Suitable as 
 for bio fuel Suitable for  cleaning  gasoline octane  
  bio fuel. agent and  booster, ethanol  
   paint remover. denaturant.
Self-ignition  343 415.6 406.1 477.8
temperature [°C]
Viscosity at  2.544 4.312 3.096 -
25°C [mPa·s]

*RON: Blending Research Octane Number; †MON: Blending Motor Octane Number
Source: 1. Adanced Motors fuels (http://www.iea-amf.org/content/fuel_information/butanol/properties); 2. PubChem (https://
pubchem.ncbi.nlm.nih.gov/); 3. Encyclopedia of Chemical Processing and Design: Volume 20- Ethanol as Fuel: Options: Advantages, 
and Disadvantages to Exhaust Stacks: Cost [Hardcover 1984]; By John J Mc Ketta, Mc Ketta J Mc 

Fig. 2. Isomers of Butanol and their chemical structures

alternative biofuel. Till date most of the butanol 
production is being reported from the Clostridium 
bacteria through the anaerobic process which 
leads to the production of acetone, butanol and 
ethanol6. Apart from this, several other common 
bacteria like; Lactobacillus, Bacillus, E.coli as well 
as Pseudomonas are known for their potential 
to yield butanol but are unable to tolerate 

butanol beyond 2% which prevents their growth 
and activity. This makes industrial production 
uneconomic and irrelevant13. To overcome the 
problem of toxicity and downstream processing, 
steps have been taken to introduce the non-
native strains of Bacillus subtilis, Pseudomonas 
putida, Lactobacillus and E. coli through genetic 
manipulations9,14. Thus the presently available 
technology seems to be unfavorable economically 
for the commercialization of butanol12. Higher 
concentration of the substrate requirements, 
sensitivity towards higher pH, temperature, 
and concentration of product, lack of cost-
effective product recovery methods etc., draws 
the attention of the biologists to develop new 
tolerant strains14. Therefore, butanol tolerating 
mechanisms in the microbes need to be observed 
and studied at cellular and molecular level and 
thus synthetic biology approach have drawn the 
attention of microbiologist for the development 
of toxicity tolerant non- native strains1.
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table 2. Difference in physiochemical properties of ethanol and butanol

Properties Ethanol [C2H5OH] n-Butanol [C4H10OH]

Cetane number 8 25
Octane number 108 96
Viscosity(mm2/s)at 40°C 1.08 2.63
Saturation pressure (kPa) at 38°C 13.8 2.27
Flammability limits (% vol) 4.3-19 1.4-11.2
Boiling point (°C) 78.4 117.7
Oxygen content (% wt) 34.8 21.6
Density (g/ml) at 20°C 0.79 0.808
Auto ignition temperature (°C) 434 385
Lower heating value (MJ/kg) 26.8 33.1

Fig. 3. Various approches for development of high Butonol producing and tolerant strain

Methods of screening of butanol tolerant strains
 Va r i o u s  m et h o d s  l i ke  c h e m i ca l 
mutagenesis, continuous culture and serial 
enrichment process have helped to develop 
tolerant strains mostly of the Clostridium sp.15. 
Due to the intolerance of the butanol produced 
by microbial cultures, various methods used to 
remove butanol from the broth are either gas 
stripping or membrane stripping. This resulted in 
enhancement of butanol production in the culture 
broth16.
 From recent studies, it has been 
understood that some stains like; p260 and BA101 
of Clostridium beijerinckii are able the degrade 
biomass of lignocellulose origin and convert 

its hydrolysates into valued chemical solvents 
having biofuel properties17-22. Staphylococcus 
haemolyticus is reported for the tolerance for 
higher solvent concentrations. S. cerevisiae and E. 
coli were reported to yeild butanol although with 
low yield after engineering with clostridium genes 
key to butanol synthesis pathways23. Grsw2-B1 
strain of the Bacillus subtilis has emerged as a 
potential host for the production of the biobutanol 
up to 2%9. Gram positive lactobacillus strains have 
also been reported to tolerate butanol up to 3%. 
Adopted strains of the pseudomonas have also 
reported to tolerate butanol up to 6% but their 
normalized growth kinetics observed was low.
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 Various microbes isolated from the 
environmental samples have been reported to show 
the butanol tolerance (Table3). Nine genera i.e. 
Rummeliibacillus, , Coprothermobactoer, Bacillus, 
Caloribacterium, Lysinibacillus, Enterococcus, 
Hydrogenoanaero bacterium, Cellulosimicrobium 
and Brevibacillus within the phyla Firmicutes and 
Actinobacteria have been experimentally tested 
by Kanno et al.14 identified two botanol tolerant 
strains which can trive at a concentration higher 
than 3.0% and further experimentally concluded 
that the membrane fluidity was maintained due 
to the enhanced amount of fatty acids of longer 
carbon chain, and thus were able to tolerate the 
higher concentration of butanol24,18,21,22,25,26,14. 
Similarly different other species have also shown 
tolerance to the butanol like Pseudomonas sp., 
Bacillus subtilis, Escherichia coli, Clostridium sp., 
but to different concentrations of butanol. Hybrid 
strains have also been generated between L. brevis 
and E. coli by protoplast fusion which resulted in 
the high tolerance of butanol and comparatively 

growth inhibitory effect of butanol was also less27. 
Compared to the cyanobacteria the % tolerance 
observed in C. acetobutylicum, Pseudomonas 
putida, Z. mobilis, E. coli, was 10 times high28.
 Attempts are taken to trouble shoot 
the bottlenecks commonly encountered while 
producing butanol using microorganism as a 
biological agent. The most important hurdle, 
scientists’ face in production of butanol has been 
the toxicity of butanol in the fermentation broth 
beyond a certain level which generally varies from 
2-6%. Therefore, obtaining a high butanol tolerant 
strain through various approaches like variation in 
sampling source, media optimization, change in 
other physiochemical parameters etc. and then 
adapting them to the butanol stress. Identification 
of butanol tolerant gene and it’s over expression 
in heterologous host or butanol tolerant microbes 
through genetic engineering, manipulating the 
metabolic pathway through metabolic engineering 
synergistically integrated with system biology and 
synthetic biology provides a great scope of coming 

table 3. Percentage tolerance of microbial isolates for next-generation biofuel butanol

S.  Microorganism Tolerance References
No.  (% V/V)

1 Escherichia coli 1.50 Fischer et al. 2008
2 Pseudomonas putida  R hl et al. 2009
3 Zymomonas mobilis  Green 2011
4 Clostridium acetobutylicum 1.60 Ezeji et al. 2010
5 Clostridium beijerinckii P260 1.95 Qureshi et al. 2012
6 Clostridium beijerinckii BA101 1.96 Qureshi et al. 2007
7 Bacillus amyloliquefaciens 2.00 Kanno et al. 2013
9 Brevibacillus reuszeri  
10 Caloribacterium cisternae  
12 Cellulosimicrobium cellulans  
13 Coprothermobacter proteolyticus  
14 Garciella nitratireducens  
15 Hydrogenoanaerobacterium sacchrovorans  
16 Rummeliibacillus pycnus  
18 Saccharomyces cerevisiae  Fischer et al. 2008
19 Bacillus mycoides 2.50 Kanno et al. 2013
21 Clostridium pasteurianum  
22 Lysinibacillus xylanilyticus  
24 Eubacterium cylindroides 3.00 
26 Lactobacillus brevis  Knoshaug and Zhang 2009; 
   Liu and Qureshi 2009
28 Lactobacillus delbrueckii  
30 Enterococcus faecalis (AB012212) 3.50 Kanno et al. 2013
31 Pseudomonas sps. 6.00 Park et al. 2007; R hl et al. 2009
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up with a solution for large scale production of 
advanced biofuels (Fig.3).
Manipulation of media and cultivation techniques 
for butanol tolerance
 Substrate versatility and metabolic 
efficiency of butanol tolerating microbes led 
the researchers to draw their attention towards 
manipulation of different physiological and 
biochemical factors involved in butanol tolerating 
strains. Different optimized conditions were used 
for the isolation, screening and development of 
the butanol tolerating microbes14. 
 Media optimization is the key technique 
being reported by the biologists in various research 
experiments for the development of butanol 
tolerant microbe29,26. In the research conducted 
using different strains of Pseudomonas putida 
DOT-TIE, KT2440, S12, VLB120, different media like 
M9 minimal media and LB medium supplemented 
with glucose, maximum tolerance up to the 6% 
was achieved by the adopted strain30,26. In the 
other experiment conducted by Kanno et al.14 , 
butanol tolerance at increased concentrations 
was checked for the samples collected from the 
varied environmental sources by manipulating the 
media using different carbon sources (glucose, 
tryptone, yeast extract), salts (NH4)2SO4, KH2PO4 
and K2HPO4), vitamins and the incubation time 
(48 hr for short and 3 to 9 months for long term)14. 
Some researchers favored RG medium to initiate 
the culture and MRS medium to test alcohol 
tolerance to avoid the complication of too many 
osmo-protectants in the latter 31,25,26,32.
Mechanisms behind butanol tolerance
 Tolerance in butanol strains, so far 
achieved have been due to modifications 
of various in situ processing and recovery 
techniques like; manipulation of temperature, 
pH, substrate enrichment, time, and change in 
metabolic pathways etc.11,9,14. These techniques 
led the microbes to tolerate the butanol toxicity 
and enhanced their growth in the reaction 
environment. Other than the above approaches, 
alternate multiple tolerance strategies have also 
been employed which includes engineering of the 
biofuel export system, membrane modification, 
and heat shock proteins, metabolic engineering 
and synthetic biology approach33,11.
Efflux pump mediated butanol tolerance
 The significant role of efflux pumps in 

biofuel tolerance has been understood as these 
behave as membrane transporters in exporting the 
toxic molecules out of the cells by utilizing  proton 
motive force34-37. Various efflux pumps have been 
reported from several solvent tolerant species 
like; the solvent resistance pumps (srpABC) from 
Pseudomonas putida S1238,39, 3 solvent resistant 
efflux pumps from pseudomonas putida DOT-
TIE40,39, acrAB pump from Escherichia coli41,39, three 
mex pumps from Pseudomonas aeruginosa39,42and 
the RND pumps, most commonly found in the 
gram negative bacteria are reported for the best 
tolerance of biofuels39,33. An efflux pump encoded 
by focA over expression showed the tolerance 
towards the n-butanol as reported in E. coli37,1. 
Fiocco et al. 2007 reported the AcrB efflux pump 
which by acting on the n-butanol, a non-native 
substrate can support the growth of E. coli by 25% 
in the presence of n-butanol.
Heat shock proteins conferring butanol resistance
 Heat shock proteins were known to help 
in improving the biofuel tolerance which could 
be due to the over expression of proteins; rpoH, 
dnaj, htpG, and ibpABas reported in the E.coli43,44.
Whereas, Gros ESL, dnaKJ, hsp18, hsp90 genes have 
been over expressed in Clostridium acetobutylicum 
to bring in tolerance to butanol45. Evidences have 
been there for the over expression of the heat 
shock proteins from Lactobacillus plantarum46. In 
E. coli, modification to the chaperons and various 
heat shock proteins including rpoH, dnaJ have 
been reported which are involved in the butanol 
stress mechanism39,44. Thus conclusion was drawn 
that over expression of the heat shock proteins can 
help in overcoming the solvent stress and makes 
the strain tolerant to butanol43,45,39. In addition, 
the role of heat shock proteins in response to 
the n-butanol and iso-butanol stress have been 
identified from the transcriptomics and proteomic 
studies44,13.
 Over expression of the GroESL chaperone 
system resulted in 12-fold butanol production 
33,47,48. 11 genes in E. coli were reported to be over 
expressed under n-butanol49 of which three were 
the heat shock genes47. The two genes encoding 
the tail of butanol synthesis pathway has been 
cloned by 51in the genus lactobacillus were named 
as Bcs-operon and thl. Up regulation of the heat 
shock proteins have also been reported in the lacto 
bacillus in response to the butanol tolerance17,27. 
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Unlike the involvement of the GroESL in E. coli, over 
expression of the GroESL have led to the survival 
of Lactobacillus paracasei strains in the presence 
of butanol toxicity50,46,51,27. Up regulation of the 
fatty acid synthetic pathway towards the response 
for butanol stress in L. brevis have been also 
reported by R hl et al.26. Cyclopropane fatty acid 
were reported for the stabilizing of the membrane 
lipids and in the cell membrane fluidity in response 
to various stress unlike acid, thermal, osmotic 
in various microbes52,53 in E. coli54, P. putida55, 
lactobacillus56,27.Reyes et al.

47further confirmed 
the role of the cyclo propane fatty acid in the 
solvent tolerance especially for n-butanol in E. coli. 
Genes like ygfo, setA, mdtA and pgsA have been 
reported for their role in the enhancement of the 
butanol tolerance in the wild type E. coli47,49. Over 
expression of the sodB an iron dismutase is also 
reported to increase the n-butanol tolerance in E. 
coli58,27. PepB Proteinase was reported to enhance 
the tolerance of butanol to an extend of 40% in 
over expressed condition33. The GroESL chaperone 
system was activated in response to n-butanol 
toxicity in E. coli and C. acetobutylicum33,48.
Membrane structure modification and butanol 
tolerance
 Modification in the membrane especially 
in phospholipids chain has been reported to 
increase the solvent tolerance59. Cis to trans 
conversion of the unsaturated fatty acid as one 
of the membrane modifications adopted by 
various strains which decreases the membrane 
fluidity under the solvent toxicity46. Various 
mechanism for tolerance to bio-butanol by 
bacterial strains have been reported which 
includes cell membrane modification by change 
in the fatty-acid composition, generally from cis to 
trans unsaturated fatty acid as reported in the gram 
positive strain of Staphylococcus haemolyticus60,12, 
and by extracellular capsule thickness which helps 
in the maintenance of their structural integrity as 
reported in the clostridium sp.39,61,62,3,12,9,63,14. Such 
modifications in the membrane structure results 
in incorporation of butanol into the cytoplasmic 
membrane and interferes with the functions of the 
cells. Mutation in regulators and transcriptional 
factors regulation in cell of E. coli towards iso-
butanol have been also cited for the tolerance 
towards stress39,64,65. Nicolaou et al.37 reported that 
during the solvent toxicity reactive oxygen species 

are found to be highly increased. Elevation in the 
level of the reactive oxygen species (ROS) have 
also been reported during the solvent stress so 
the engineering in such genes have led the interest 
of the researchers for the development of new 
solvent tolerant strains39,47,49.
Metabolic engineering and synthetic biology for 
butanol tolerance
 Metabolic engineering and synthetic 
biology approach have been designed for the 
pathway optimization of host and further for 
advanced biofuelsproduction1.  Metabolic 
engineering techniques have been also adopted 
for the enhancement of the butanol production 
in Clostridium acetobutylicum6. The reconstructed 
butanol pathway of clostridium was introduced 
in E. coli66,23,9, Bacillus subtilis and Pseudomonas 
putida61,63, and lactic acid bacteria i.e. Lactobacillus 
brevis38.
Potential applications and scopes of butanol 
production
 Among all the biofuels reported till date 
bio-butanol meets all the criteria of the advanced 
biofuel including performance of auto-engine and 
emissions as well as their combustion features. 
This has the potential to combat the prevailing 
energy crisis, more importantly for its use in 
internal combustion engines. In addition, the 
other significant applications of butanol are: (i) 
use in spark ignition engine as an alternative fuel 
of gasoline, (ii) use as potential fuel supplement 
for compression ignition in diesel engine (iii) use in 
burning reactors in order to carry out fundamental 
combustion tryouts. Looking at its potential 
applications and scope of uses from the literature, 
it is clear that more exhaustive investigations are 
still lacking before considering butnol as a fuel 
substitute as compared to the its counterparts. 
Perspective remarks
 Lack of tolerance to the solvent toxicity 
by the native and non-native bacterial strains is 
today the major obstacle in the development of 
the next generation biofuel. Various synergistic 
approaches have been developed to obtain the 
non-native bacterial strains exhibiting tolerant to 
the high solvent toxicity. To meet the increasing 
energy demand and to ensure the energy security, 
the development of the next generation biofuel is 
a panacea in today’s world. Among all the biofuels 
reported till date bio-butanol meets all the criteria 
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of the advanced biofuel which has the potential 
to combat the prevailing energy crisis. Classical 
butanol producing bacteria Clostridium sp. suffers 
many challenges like low percentage tolerance, 
formation of various by-products etc. The major 
bottleneck today is that we lack in solvent tolerant 
butanol producing strain. Aerobic strains can 
meet all the challenges faced by the anaerobic 
strains but the problem occurs at the genetic 
modification where aerobic strains do not have 
the stress tolerant genes which can cope up with 
the high level of solvent toxicity like butanol. So, 
in order to develop a tolerant butanol producing 
aerobic strain we need to adapt various screening 
methods integrated with the genetic, metabolic 
engineering, synthetic biology and system biology 
approach to come up with a solution and meet the 
energy security in a cost effective way.
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